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and its possible problems.
Background: Hyperthermia is commonly known as a state when the temperature of the body rises to a
level that can threaten one’s health. Hyperthermia is a type of cancer treatment in which body tissue is
exposed to high temperatures (up to 45 °C). Research has shown that high temperatures can damage and
kill cancer cells, usually with minimal injury to normal tissues. However, this mechanism is not known.
Materials and Methods: We recently treated cancer cells with different temperatures ranging from 37 °C
to 47 °C and further measured their caspase 3 secretion by ELISA, western blot and cell survival rate by
microscope.
Results: We found that most cancer cells are able to resist hyperthermia more than normal cells most
likely via non-activation of caspase3. We also found that hyperthermia-treated (>41°) cancer cells extend
a long pseudopod-like extension in comparison to the same cancer cells under normal conditions.
Conclusion: Our data here indicates that cancer cells have resistance to higher temperatures compared to
normal cells via non-activation of caspase 3. This is a significant issue that needs to be brought to attention
as the medical community has always believed that a high temperature treatment can selectively kill
cancer/tumor cells. Additionally, we believe that the pseudopod-like extensions of hyperthermia-treated
cancer cells must be related to its resistance to hyperthermia.

© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
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1. Introduction cells and mouse macrophages. We also found that this phenomenon
is due to cancer cells’ non-activation of caspase 3, even though it is
Out of many therapies for cancer treatment, treating hyperther- known that hyperthermia (43 °C)-treated cells induces caspase-3

mia (also called thermal therapy or thermotherapy) has become activation.!?
very important.' -3 Some studies that have investigated the mech-
anism of hyperthermia have found that this treatment significantly
damages and kills cancer cells* via inhibition of cell growth’ or
activation of cell apoptosis due to induction of caspase 3.5-° How-
ever, there is no further experimental data to clarify how cancer 21. Cells
cells are more sensitive to hyperthermia than normal cells, nor is
Fhere adeq.uate information and gnderstanding ofthe mechanism RAW 2647 cells (TIB-71, ATCC) in a RPMI-1640 media
itself. In this paper, we found thatin gontrast to prior researc.h, can- (REF#: 11875-093, Life Technologies, NY) with 10% FBS,
cer cells are able to resist hyperthermia more than normal epithelial mtsv1-7 Cat#: 10081202, Sigma, U20S HTB-96, ATCC, A549
CCL-185, ATCC, CAL27 CRL-2095, ATCC, or PC-3 CRL-1435,
ATCC cells in a DMEM media REF#:11965-084, Life Technolo-
Trresponding author. gies, NY with 10% FBS were cultured at 37°C in a 5% CO2
E-mail address: xrtang@bu.edu (X. Tang). atmosphere.

2. Material and method
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Table 1

Cell survival rate after temperature treatment. The pre-cultured cells (each type) with >90% cell confluent in the well of 6 well/plate were washed with pBS and treated with
250 pl of 0.25% trypsin for 5 min, then mixed with 2 ml of cell culture medium. Cells were collected, transferred into the sterilized 15 ml tube, and incubated in a water bath
at 37°C (control) or temperatures of 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C or 47 °C (test group) for 1 h. The treated cells with medium were re-plated into one well of a
six well/plate and cultured at 37°C, 5%CO, for 24 h. A microscope was used to monitor cells. After culturing cells for 24 h, cell survival rate was calculated and graphed.

Table 1. Cell survival rate after termperature treatment.,

Name| Type |Tissue Disecase Survival rate (%)
mtsvid Loes  lepithelial WA 10084.548.2123.T16 0 [0 |0 [ ©
[RAW ~ Imacrophagd a8cites WA 100 4.5/ 2.3 ololofoloe
U20S |epithelial | Bone |osteosarcoma (100 |100{100 190.2(50.41155/52| 0 | ©
AS549 |epithelial | Lung carcinoma 100 {100 {100 [92.685.4[73.1/54.1|3.3 | o
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PC-3 | epithelial prostatejadenocarcinomil 00 [100 90.2150.4 253403(68| 0 | 0
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Ce[ls Cell treatedat different temperature

2.2. Cell treatment and analysis

Pre-cultured cells with >90 cell confluence/plate (6 well plate,
Sigma) were collected by trypsinization, washed with pBS and
added to 1 ml fresh media in a 50 ml conical screw cap tub (usa-
scientific.com), and then treated in a water bath with different
temperatures ranging from 37 °C to 47 °C for 1 h*. Cells were then
respectively used for:

1 ELISA. The media from each treated cells were subjected to
caspase 3 detection with a kit (Cat#:AB181418, Abcam). ELISA
immunoreactivity was quantified using a microplate reader
(Model 680, Bio-Rad). The data were analyzed and then graphed.

2 Western blot. The protein purified from each treated cells were
detected by Western blot with caspase 3 antibody (sc56053,
Santa Cruz Biotechnology) following the manufacturer’s instruc-
tions.

3 Calculation of cells survival rate. The treated cells were added to
1 ml RPMI-1640 fresh media in one well of 6 well plate and re-
cultured at 37°C in a 5% CO, atmosphere overnight. Cells were
observed under 1 x 10, 1 x 20 microscope. The surviving cells
with the highest confluence per one view of (1 x 20) observa-
tion from each group were selected and their cell numbers were
counted. Survival rate=the number of cells that survived from
each test group treated in a hyperthermic state at >37°C/the
number of survived cells (same cell type) treated in normal con-
ditions at 37°C.

* It is known that cell growth requires incubation at a certain
temperature and with 5% CO,, but when we tried to treat cells with
various temperatures, we found that the incubator could not dis-
play an instant and accurate temperature measurement. Thus, the
water bath was a solution to this issue. However, with water bath
treatment, the cells cannot survive lacking 5% CO, for more than an
hour, (according to the experience of our laboratory, cells can still
grow normally within one hour of lacking 5% CO-, [data not shown])
and so treatment was limited to one hour.

2.3. Statistical analysis

All experiments were performed in triplicate and statistical
analyses were conducted with the SAS software package. All data
were normally distributed. For multiple mean comparisons, we
conducted analysis of variance (ANOVA) and the Student’s t-test for
single mean comparison. For time-course study, we used a two-way
repeated measure ANOVA. P values lower than 0.05 were consid-
ered significant.
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Fig. 1. Hyperthermia assay. The survival rate of cancer cells was compared with the
control cells and mapped.

3. Results

In order to examine the effects of hyperthermia on cancer cells
versus normal cells, mtsv1-7 cells (normal human breast epithelial
cells), RAW264.7 cells (normal mouse macrophage-like cells) as the
control group, and cancer cells (U20S, A549, CAL27, or PC-3) as the
test group were treated with different temperatures ranging from
37°C to 47°C. The treated cells were analyzed. The medium from
each group were collected and subjected to ELISA (anti-caspase 3),
the number of cells growing on the plate were counted, and their
survival rate was calculated. As shown in Table 1, >98% of mtsv1-7
(the normal human epithelial cells) had died after 43 °C treatment
for 1h and completely died when the temperature increased to
44°C for 1h. Mouse macrophage-like cells (RAW264.7) were at
100% death only after 1h 42 °C treatment. However, because four
cancer cells survived at 44°C, and A549 (lung cancer cells) was at
3.3% survival after 46°C treatment, its survival rates were com-
pared and mapped (Fig. 1). Since hyperthermia treatment may not
completely Kkill the free cancer cell in media or blood vessels, we
hypothesized that hyperthermia induces cell death via activation
of caspase 3 only in normal cells rather than in cancer cells. To test
this hypothesis, analysis of caspase 3 after hyperthermia treatment
in cells was carried out. As shown in Fig. 2, the control group cells
significantly induced caspase 3 production after 41°C treatment,
but at the same condition, all four cancer cells did not strongly
release caspase 3. Among the four cancer cells, A549 (lung cancer
cells) seems to be almost unaffected by hyperthermia when the
experimental temperature was raised to 43 °C or more. This phe-
nomenon with caspase 3 induced by the treated cancer cells has
also been confirmed in western blot analysis as shown in Fig. 3
compared to the control (Fig. 3).
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Fig. 2. Analysis of hyperthermia-mediated caspase 3. 100 wl supernatant from the
1 h treatment (37°C, 41°C or 43 °C) above (Table 1) was collected and analyzed by
ELISA to detect caspase 3 concentration. The caspase 3 concentration of each test
group (41 °C or 43 °C) was then compared to the effect of the negative control group
(37°C). Data are graphed and their compared significance is indicated.

4. Discussion

Treatment of cancer often includes surgical resection,
chemotherapy and radiation therapy.!! Unfortunately, the
overall survival rate of treatment remains low and clinical out-
comes could still be improved. Thus, new therapeutic strategies
need to be developed. Recently, postoperative hyperthermia
has been used as an important adjuvant therapy to improve the
efficacy of traditional chemotherapy and/or radiotherapy.'>'3 In
clinical studies of postoperative hyperthermia, water baths are
often used in heating systems, and their temperature is the only
indicator evaluated.'*!> However, the exact temperatures that
allow cancer cells to undergo apoptosis without affecting normal
cells are unclear. There has been no targeted research and effective
statistics. Therefore, one of the purposes of this study was to
use a water bath heating system to study the effects of different
temperatures on various cancer cells and to explore potential
underlying mechanisms.

Recently, research groups have discovered that cancer cells sig-
nificantly undergo apoptosis by hyperthermia'® mostly via caspase
3,8-10.17 with minor involvement of other factors, such as protein
70/90, TRAIL, or ROS/JNK, which are also found to be enhanced by
hyperthermia.’®-20 Thus, this paper just focuses on the involve-
ment of caspase 3 in hyperthermia-mediated cells apoptosis.

Our data here indicates that cancer cells in a hyperthermic envi-
ronment are more resistant to higher temperatures than normal
cells. Indeed, we found that human macrophage (THP-1) cells result
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Fig. 3. Western analysis. Cells were treated at 37°C, 41°C or 43°C for 1h, then the
proteins from each test group were purified and subjected to western blot analysis
with antibody against caspase 3 or GAPDH as control.

in 100% death at 41° for 1h (data not shown). Therefore, a major
problem has occurred that cannot be ignored in the hyperthermia
treatment of cancer/tumor patients, namely, that hyperthermia not
only fails to induce apoptosis in cancer/tumor cells, but may also
damage more immune cells that inhabit the bloodstream in the pro-
cess. This is a significant issue that needs to be brought to attention
as the medical community has always believed that a high tem-
perature treatment can selectively kill cancer/tumor cells, which
can prevent formation of malignant metastasis and recurrence of
cancer/tumor cells in cancer patients.

Interestingly, we found that hyperthermia-treated (>41°) can-
cer cells extend a long pseudopod-like extension (Fig. 4a) in
comparison to the same cancer cells (Fig. 4b) under normal
conditions (37°C). We believe the pseudopod-like extensions of
hyperthermia-treated cancer cells must be related to its resistance
to hyperthermia but its function is unknown. We hypothesize that
inhibition of cancer cells pseudopod-like extensions may help to
damage and kill cancer cells/tumor during hyperthermia treat-
ment. We will figure out this question at a later time.

Fig. 4. Effect of hyperthermia on the morphological characteristics in U20S cancer cells. The pre-cultured U20S cells with >90% cell confluent in the well of 6 well/plate
were washed with pBS and treated with 250 w1 of 0.25% trypsin for 5 min, then mixed with 2 ml of cell culture medium. Cells were collected, transferred into the sterilized
15 ml tube and incubated in a water bath at 37°C (A) (control group) or 41°C (B) (test group) for 1h. The treated cells with medium were re-plated into one well of a six
well/plate and cultured at 37 °C, 5%CO, for 24 h. Photomicrograph of cells was taken at x40 magnification.
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